Genetic drift is the fortuitous occurrence of genetic events that when they become fixed modify the genome of populations. They can take the form of mutations of single nucleotides (SNPs), the insertion or deletion of short sequences (Indels) or the repetitions of short sequences (CNV i.e. copy number variants) or long insertions or deletion (structural modifications). Their frequency is 10 -9 to 10 -8 depending on the species, or 50 to 100 per birth in humans. The incidence of these de novo mutations is higher when the father is old at conception. It thus appears that genetic drift, which constitutes the initial element of evolution, has a very strong dynamics. Its intervention in the appearance or disappearance of some major phenotypes is complicated by the uncertainties about the genetic mechanisms in heritability which, paradoxically, are only partially understood.
INTRODUCTION
The time line of evolution is long. It is counted in million or hundreds of million years depending on the context envisaged. Until recently, knowledge about genetic drift occurring in a short time frame was limited by the difficulty of access to genome sequence. Modern genome sequencing techniques have completely changed the situation. It is in the light of the data obtained by these techniques that we will try to take a new look at the dynamics of evolution in mammals.
genetic drift is an unavoidable phenomenon leading to changes in the genome of populations, whether these changes are fixed or disappear. Mutations that occur unexpectedly are neutral, not subject to a selection force. They can take different genetic aspects: mutations of single nucleotides (SNPs), the insertion or deletion of short sequences (Indels) or the repetitions of short sequences (CNV i.e. copy number variants) or long insertions or deletion (structural modifications).
INBRED MOUSE STRAINS
Before discussing the recent observations that have been made in humans, we will evoke remarkable facts concerning laboratory mouse strains. Pure strains of mice have been produced in various laboratories since the early 20th century. These pure mouse strains can be easily obtained by systematically breeding siblings of the same litter over at least 20 generations. At the 20th generation, it is admitted that mice are inbred and genetically identical, although not totally identical because there persists among individuals up to 1.6% polymorphisms (notably SNPs and Indels). Mice are for the most part homozygous at all locis and all identical. The C57Bl/6 strain was introduced to the Jackson laboratory in 1948. Shortly thereafter, in 1951, some of these mice were raised in parallel at the National Institute of Health (NIH) with no thought that the two mouse colonies would genetically evolve separately. The problem became apparent in 2013 when the genome sequences of mice raised in the Jackson laboratory (C57Bl/6J) and those raised at the NIH (C57Bl/6N) were compared. More than 300 differences in the genome were observed including SNPs, indels and some structural modifications (Simon et al. 2013) . At the same time, phenotype differences were noted, particularly concerning photoreceptors and certain behaviors. In particular, it was observed that the two mouse colonies behaved differently to cocaine: whereas in C57BL/6J mice cocaine significantly accelerated the running speed of mice placed on a treadmill, this acceleration was significantly diminished in C57Bl/6N mice (Kumar et al. 2013) . From this phenotypic difference, it was possible by a quantitative trait loci (QTl) analysis to locate the gene responsible for this difference. It was a gene coding for a cytoplasmic protein involved in cocaine receptor signaling (Kumar et al. 2013) . Unraveling this difference between these two strains of C57Bl/6 mice was all the more remarkable as, as mentioned above, for years no attention was paid by investigators to the use of the one or the other sub-strain. It is interesting to note that the International Knockout Mouse Consortium (IKMC) had used the C57Bl/6N mouse but that many users mixed them with C57Bl/6J mice in their experiments, which makes the retrospective analysis of certain results obtained in these genetically invalidated mice highly questionable.
DE NOVO MUTATIONS IN MICE AND MAN
The occurrence of de novo mutations is, in fact, well known in both mice and humans. An example in mice is the mutation that leads to a decrease in resistance to infections and more particularly to the effect of lipopolysaccharide. This mutation observed in C3H mice was found to correspond to a gene of major importance that was part of the Toll like receptors (TLR) genes. More specifically, it was the TlR4 encoding gene (Poltorak et al. 1998 ). The same is true in humans, where accidental mutations have been at the origin of most monogenic diseases. In many cases, it was possible to trace the founder. Thus, for severe juvenile glaucoma, it was possible in a family in northern France and among Greek immigrant populations in different countries of the world to identify the existence of a founder, in the 17th century and in the Middle Age respectively (Brézin et al. 1998 , Hewitt et al. 2007 . It is indeed possible to find in subjects suffering from this disease the precise mutation of the founder, possibly associated with haplotype sequences due to linkage disequilibrium. Other observations of the same type have been reported knowing, however, that in many cases, including cystic fibrosis, numerous distinct mutations of the gene involved were reported which suggests the existence of several founders.
The question arises as to how often these de novo mutations occur. This question has been the subject of numerous studies mainly in drosophila and also humans in more recent years (Keightley et al. 2014 , Campbell and eichler 2013 , Smeds and Qvarnström 2016 . The approach is simple: it consists in taking trios i.e. the father, the mother and one of their direct descendants to compare the complete genome sequence of the three individuals. In drosophila, very often, rather than taking a single trio, studies address the cumulative effect of genetic drift over several generations. The results obtained are remarkable. If one evaluates the frequency of de novo mutations per nucleotide, one finds values in the order of 10 -9 , slightly less in humans (about 5 x 10 -8 ). When one looks at the few articles concerning other species, one finds similar figures with nevertheless a higher frequency of de novo mutations in Caenorhabditis elegans and in Saccharomyces cerevisiae (Smeds and Qvarnström 2016).
Remarkably, studies conducted in humans have shown that the frequency of de novo mutations, which is 50 to 100 per individual, is all the greater the older the father is at the time of conception (goldmann et al. 2016). There is in fact an almost linear relationship between the frequency of de novo mutations and the age of the father. There is also some effect of the mother's age but much less. Analysis of de novo mutations observed in humans showed that they most often include SNPs or Indels but also mobile genes, CNV and, in some cases, major structural modifications, even aneuploidy (Campbell and eichler 2013 ).
An even more singular observation was made. Studying the entire genome of two monozygotic twin pairs, while one would expect to find an absolute identity of the sequences, a small number of mutations present in one twin but absent in the other were observed (Dal et al. 2014 ). This phenomenom is defined as a post-zygotic mutation. Its existence could have been suspected for many years because geneticists are well aware that certain genetic diseases, some of which are well known such as cystic fibrosis, Duchenne myopathy or hemophilia A, can be found in a single monozygotic twin.
It is therefore clear that the genome is constantly and highly evolving. Depending on the mixing of the populations, mutations that appear in this way can become fixed or, on the contrary, disappear and may or may not give rise to a visible phenotype.
How to place the role of these de novo mutations in the genetic control of physiological traits or even diseases? The example of complex polygenic diseases is particularly interesting because it has given rise to numerous studies and in-depth analyses. If we take the example of autoimmune insulin-dependent diabetes, heredity is strong. When a subject is affected by the disease, his children have a 5% risk of being affected by the disease. When a subject has autoimmune diabetes in a family, siblings have a 7% risk of developing the disease and even nearly 15% if the probant and the sibling are identical at some risk haplotypes in the HlA complex. Faced with such a heredity one should expect to easily find the predisposition genes with modern genetic techniques. If we exclude HLA, whose role is very specific to autoimmune diabetes, the very numerous studies on a very large number of subjects that have been conducted over the past 15 years using gWAS (genome Wide Associated Studies) have allowed the identification of a very large number of chromosomal regions associated with diabetes. Similarly, in other complex diseases the situation became complicated when it was realized that the number of potential susceptibility regions were considerable for a given disease, more than 100 or even more than 200 (Fortune et al. 2015) . In addition, the relative risk associated with each of these predisposing chromosomal regions is extremely low, most often <1.3 or 1.5. Finally, with gWAS regions the single genes involved have not been identified. It is presently considered that the contribution to complex diseases heritability of GWAS findings does not exceed 15 or 20%, thus opening the discussion on missing heritability (Manolio et al. 2009 , Nolte et al. 2017 ). Similar observations have been made for physiological traits, particularly height (eichler et al. 2010) . It therefore appears necessary to define other approaches to identify the genetic factors responsible for heredity, more generally for heritability. There are many leads but they have not really come to fruition yet. Among the possibilities: are: the existence of rare variants not recognized by gWAS, variants with low penetrance, variants resulting from recent de novo mutations segregating in families, structural modifications, epistasis (i.e. interaction between several genes), epigenetics. One should also highlight the possible disease heterogeneity from one family to another, which to a large extent invalidates studies carried out on very large cohorts, independently of family groupings.
last but not least environment may also modify the expression of certain genes. Some environmental factors can have a positive stimulating effect on phenotypes; this may be the case of some viruses in autoimmunity. In other cases, the environment may be protective; this is the basis of hygiene hypothesis in autoimmune and allergic diseases (Bach 2018). A role for the intestinal microbiota, the composition of which is known to correlate with certain chronic diseases cannot be excluded (Bach 2018).
To conclude on the dynamics of evolution, it is quite obvious that the means and markers studied to follow this evolution are far from simple and thus explain the uncertainties that are presented here. The problem remains at the population level to know how many years it takes to a de novo mutation that appear after genetic drift to become fixed. These are the challenges of the coming years, where genomic analysis of species and subspecies will hopefully answer these questions.
